Background-It has been hypothesized that immunoreactivity to ␤ 2 -glycoprotein 1 (␤2GP1)-dependent anticardiolipin antibody (aCL), but not ␤2GP1-independent aCL, is associated with increased risk of ischemic stroke and myocardial infarction (MI). Methods-We performed a nested case-control study examining aCL as a risk factor for ischemic stroke and MI by using stored frozen sera obtained from subjects enrolled in the Honolulu Heart Program and followed for up for 20 years. We measured ␤2GP1-dependent and ␤2GP1-independent aCL and anti-␤2GP1 immunoreactivity in 259 men who developed an ischemic stroke, in 374 men who developed an MI, and in a control group of 1360 men who remained free of both conditions. Results-Only ␤2GP1-dependent aCL of the IgG class was significantly associated with both incident ischemic stroke and MI. This association was attenuated in the last 5 years of the 20-year follow-up. For stroke, the risk factor-adjusted relative odds for men with a positive versus a negative ␤2GP1-dependent aCL of the IgG class were 2.2 (95% CI 1.5 to 3.4) at 15 years and 1.5 (95% CI 1.0 to 2.3) at 20 years. For MI, the adjusted relative odds were 1.8 (95% CI 1.2 to 2.6) at 15 years and 1.5 (95% CI 1.1 to 2.1) at 20 years. Conclusions-These data suggest that aCL IgG, particularly the ␤2GP1-dependent variety, is an important predictor of future stroke and MI in men. 
A ntibodies to anticardiolipin (aCL) and ␤ 2 -glycoprotein 1 (␤2GP1) are members of a larger group of autoantibodies directed against phospholipids or phospholipid-protein complexes, termed antiphospholipid antibodies. Many casecontrol studies have shown an association between different types of antiphospholipid antibodies and both stroke [1] [2] [3] [4] [5] [6] [7] [8] and myocardial infarction (MI), 9 but some studies have not. 10 -12 Few prospective studies examining the association between any type of antiphospholipid antibody and either stroke or MI have been performed, and these have been limited to aCL. Two prospective studies 13, 14 examining the association between MI and aCL have demonstrated an increased risk for MI in patients with aCL. In contrast, none of the prospective studies examining the association between aCL and ischemic stroke showed significant effects. [15] [16] [17] 
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Recently, some differentiating features of these different types of antiphospholipid antibodies that may be pathogenic and lead to thrombosis have been described. 18 -22 Previous studies have not systematically examined the relative importance of these antibody characteristics on thrombosis risk in the same population. There is also evidence from prior prospective studies 13, 14 that the association between aCL and MI may be stronger with a shorter duration of follow-up. Using a nested case-control design within a large long-term prospective study, we examined the association between several different types of antiphospholipid antibodies and the risk of both stroke and MI while we also examined the effects on events that occurred early and late in follow-up.
Methods

Study Population
The Honolulu Heart Program is a prospective study of coronary disease and stroke in 8006 American men of Japanese ancestry born from 1900 to 1919 and residing on the island of Oahu in 1965. At study enrollment from 1965 to 1968, subjects underwent complete physical examinations. Since enrollment, information on cardiovascular events has been obtained through a comprehensive surveillance of hospital discharges, death certificates, autopsies, and periodic repeat physical examinations. Final diagnoses were reviewed and confirmed by the Honolulu Heart Program Morbidity and Mortality Review Committee. Study methodology has been previously described. [23] [24] [25] [26] [27] Assays for aCL antibodies were based on serum that was collected at a second examination (1967 to 1970) and stored at Ϫ70°C. The second examination was taken by 7498 of the original 8006 originally enrolled in the Honolulu Heart Program (Ϸ95% of the surviving cohort). Among this group, serum was available for 5686. Among the remaining men, 1751 had no available sera, and 61 had sera that had been thawed Ն3 times for other analyses. After removal of prevalent stroke and coronary heart disease and the incident cases of stroke and MI that had occurred over 20 years of follow-up, there were 4145 men, from which 1360 controls were selected. The cases of stroke (nϭ259) were taken from all stroke cases that occurred over the 20 years of follow-up; the cases of MI (nϭ374) were randomly selected from the 469 incident cases that were observed. As a result of the high follow-up rate at the second examination and the way in which samples were randomly excluded for special substudies, the available serum used for sampling is likely to be representative of the entire Honolulu Heart Program cohort. Cases of stroke and MI were not preceded by the other event. MI cases and controls were without a history of angina pectoris. Thirteen of the 259 stroke cases had a history of angina pectoris.
Serological Assays
Five ELISAs were used in the present study: antibodies to cardiolipin in the presence of ␤2GP1 (dependent aCL IgG and IgM), antibodies to cardiolipin in the absence of ␤2GP1 (independent aCL IgG and IgM), and unique IgG antibodies to ␤2GP1 alone in the absence of cardiolipin. ␤2GP1-dependent aCL IgG and IgM assays were performed according to the manufacturer's instructions by using a commercially available kit with cardiolipin as the detecting antigen (Reaads Medical Products). ␤2GP1-independent aCL IgG and IgM assays were performed by using an in-house method with cardiolipin-coated microtiter plates. The remainder of the procedure was identical to the commercial method, except that BSA was used rather than serum in the blocking and washing steps and in the diluent reagent for the patients' serum samples and the detecting antibody. Anti-␤2GP1 assays for the IgG isotype were performed by using a commercially available kit (Innova Diagnostics). Cutoff values that defined a positive value in the ␤2GP1-dependent aCL IgG and IgM and the anti-␤2GP1 IgG assays correspond to those recommended by the manufacturer (␤2GP1-dependent aCL IgG Ͼ23 GPL, ␤2GP1-dependent aCL IgM Ͼ11 MPL, and anti-␤2GP1 Ͼ16 U). For the ␤2GP1-independent aCL assay, the result was considered positive if the amount of immunoreactivity seen on the ␤2GP1-independent aCL IgG or IgM assay was Ͼ20% greater than the amount of immunoreactivity seen on the ␤2GP1-dependent assay. This cutoff was selected because it exceeds the accepted assay variability in our hands. No systematic effect of 1 or 2 freeze-thaw cycles on immunoreactivity was seen. The within-pair coefficient of variation was always Ͻ20% for cases, controls, and standards; otherwise, the assay was repeated.
Variables Used in Analysis
Risk factor information for diabetes, hypertension, total cholesterol, body mass index, and the use of cigarettes was collected at the second examination (1967 to 1970) concurrent with sera collection for the aCL and anti-␤2GP1 assays. No information about medication use was available. Likewise, the influence of atrial fibrillation could not be assessed. Atrial fibrillation is rare in Japanese men in the Honolulu Heart Program. Only 13 men in the present study had atrial fibrillation at the second examination, and information about future atrial fibrillation could not be assessed because its collection was too limited. If data were missing, measurements were taken from the initial examination that occurred 2 years earlier (1965 to 1968). Data on alcohol intake and physical activity came from the 1965 to 1968 examination. A diagnosis of diabetes was based on a medical history or on the use of insulin or oral hypoglycemic therapy. A diagnosis of hypertension was made when either a systolic or diastolic blood pressure was Ն160 or 95 mm Hg, respectively, or when a subject was receiving medication for high blood pressure. Measurement of physical activity was derived from an index to quantify overall metabolic output that occurred during a typical 24-hour period. High levels of the index indicated active lifestyles. Further description of the physical activity index and the other risk factors considered in the present report are provided elsewhere. 26, 27 
Statistical Methods
Estimated age-adjusted risk factor comparisons between cases and controls and according to the presence and absence of a positive isotype were derived from ANCOVA methods. 28 To assess the relationship between a positive isotype and the odds of a stroke or MI, statistical analysis relied on unconditional logistic regression models. 29 Because cases of either event were not individually matched to a specific set of controls, adjustment for confounding variables was accomplished through the use of the unconditional models. Estimated age-adjusted percentages of the men with positive antibody values were also derived for cases of stroke and MI and for controls. 28 Regression coefficients and standard errors from ageadjusted and risk factor-adjusted models were used to derive estimates of the relative odds of a stroke or MI (and 95% CIs) by comparing men with a positive versus a negative isotype. Doseresponse effects were assessed by examining isotypes as continuous independent variables. Threshold effects were also explored, as were confounding and interaction with other risk factors. Time effects were assessed by examining the association of the isotype with vascular disease during successive 5-year intervals and during increasing cumulative follow-up periods. Table 1 gives the age-adjusted percentage of men with positive antibody assays for cases of stroke and MI and for controls. Because of a lack of serum, ␤2PG1-dependent aCL IgM assays were incomplete in 1 man with a stroke and in 6 controls, and the anti-␤2PG1 assay was incomplete in 1 man with an MI. Among the men, the percentages with a positive ␤2PG1-dependent aCL IgM, ␤2PG1-independent aCL IgM, and anti-␤2PG1 were similar across the 3 study groups. Although positive ␤2PG1-independent aCL IgG was rare, cases of MI were 3 times more likely to have a positive assay than were controls (2.4% versus 0.8%, PϽ0.05). Stroke cases also had an excess of positive ␤2PG1-independent aCL IgG (1.5%) relative to controls, but the excess was not statistically significant. Among the assays, positive ␤2PG1-dependent aCL IgG was the most frequent in the study sample. The unadjusted frequency of ␤2GP1-dependent aCL IgG among controls was 10.4% (80 of 770) for ages 48 to 55 years, 13.6% (80 of 590) for ages 56 to 70 years, and 11.8% (160 of 1360) for both age groups combined. The age-adjusted percentage of men with a positive ␤2PG1-dependent aCL IgG was significantly higher in cases of stroke than in controls (16.6% versus12.1%, respectively; PϽ0.05). Compared with stroke cases, cases of MI had a similar percentage with a positive ␤2PG1-dependent aCL IgG (15.8%), although it was not significantly different from that of controls. There was no evidence for a dose-response relationship between any of the isotypes and the risk of an event. Use of other cutoffs besides those recommended by the manufacturer did not alter these reported findings appreciably. Table 2 shows the age-adjusted mean values for conventional cardiovascular risk factors for cases of stroke and MI and for controls as well as for those with and without a positive ␤2PG1-dependent aCL IgG value. When compared with controls, cases of stroke and MI were more likely to be hypertensive, to have diabetes, higher total cholesterol levels, and body mass indices, and to smoke more cigarettes. MI cases also tended to be less physically active and consumed less alcohol than did controls. Other than age and total cholesterol, risk factor levels were similar in men with and without a positive assay for ␤2PG1-independent aCL IgG. Men with a positive assay tended to be older and have lower total cholesterol levels.
Results
Cardiovascular events early in follow-up were more strongly related to aCL than were events that occurred later. Among the stroke cases, the percentage of men with a positive ␤2PG1-dependent aCL IgG did not vary significantly within the first 15 years after blood withdrawal (22.7% overall), although it was significantly reduced to 5.4% in the last 5 years of follow-up (PϽ0.01). Table 3 
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dependent aCL IgG and stroke appears strongest, with 20.9% of men with a stroke having a positive ␤2PG1-dependent aCL IgG value versus 11.7% of the controls (PϽ0.001). Similar findings were also observed in the relationship between ␤2PG1-dependent aCL IgG and MI. Among the MI cases, the percentage of men with a positive ␤2PG1-dependent aCL IgG did not vary greatly within the first 15 years after blood withdrawal (18.4% overall). Although not statistically significant, it was reduced to 15.8% in the last 5 years of follow-up. As seen in Table 3 , the effect of ␤2PG1-dependent aCL IgG on MI seems slightly stronger in the first 5 years of follow-up than in the other periods, whereas associations remained significant up to 15 years after blood withdrawal. At 15 years of follow-up, 17.4% of men with an MI had a positive ␤2PG1-dependent aCL IgG value versus 11.7% of the controls (PϽ0.01).
For stroke and MI, adjustment for the effects of other risk factors on the relationship between ␤2PG1-dependent aCL IgG and either event was assessed at 15 and 20 years of follow-up (see Table 4 ). Data on shorter periods of follow-up are not described because of limited numbers of events. For the 15-year period after blood withdrawal, the overall relative odds ratio of stroke was 2.2 (PϽ0.001) in the presence versus the absence of a positive ␤2PG1-dependent aCL IgG. In men aged 56 to 70 years, it was 2.7 (PϽ0.001); in those who were younger, it was slightly weaker (2.1). The relative odds ratios of stroke were similar in men who were neither hypertensive nor diabetic (2.3 and 2.5, respectively; PϽ0.001 for each). The presence of a positive ␤2PG1-dependent aCL IgG appeared to increase the odds of stroke by Ͼ3-fold in men who were past smokers (4.2, PϽ0.001) and those who never smoked cigarettes (3.4, PϽ0.01) .
For the 15-year follow-up for MI (Table 4) , the relative odds ratio of an event in those with a positive versus a negative ␤2PG1-dependent aCL IgG is near 2.0 for the younger and older men (PϽ0.05). As with stroke, the effect of ␤2PG1-dependent aCL IgG appears strongest in men who had neither hypertension nor diabetes (PϽ0.01). Unlike stroke, ␤2PG1-dependent aCL IgG had no effect on MI in men who never smoked cigarettes, whereas the odds ratio of MI was more than doubled in past and current smokers (PϽ0.05). Although the presence or absence of some of the cardiovascular risk factors in Table 4 appeared to alter the observed relative odds of either event, interaction effects were not statistically significant, and any could have occurred by chance alone.
Discussion
The present findings support a prospective association not only between aCL and MI but also between these antibodies Relative odds are adjusted for total cholesterol, body mass index, alcohol intake, physical activity index, and the other risk factors in this table.
*PϽ0.05, †PϽ0.001, and ‡PϽ0.01 for significant odds ratio.
and ischemic stroke in men. Prior published prospective studies of antiphospholipid antibodies and stroke were either negative 15, 16 or did not report an independent association. 17 However, these studies were different from the present study in aCL assay technique and were limited in statistical power. To our knowledge, the present study is the first to demonstrate a prospective association between aCL and stroke independent of other risk factors. Although less consistent, independent aCL IgG also appeared to be related to vascular events. Although the percentage of men with positive independent aCL IgG was 2 to 3 times higher in those with stroke and MI than in controls, its low prevalence (Ͻ1% in controls) may have limited the power to detect stronger associations with each event. In contrast, positive dependent aCL IgG was common (12.1% in controls), and within 15 years of followup, there was a near 2-fold increase in the odds of stroke or MI when it was present compared with when it was absent. Among the studies linking aCL to MI, 2 prior prospective studies suggested the possibility of a time-dependent association between aCL and MI in men. 13, 14 In the first study, 13 the follow-up period was 5 years, and in the second study, 14 a significant association was found only for the first 10 years of follow-up, despite the fact that the second 10 years of follow-up had more than double the number of events. Our analyses show a decreasing association of aCL with vascular disease with increasing duration of follow-up for both the MI and stroke end points. Such weakening of the association with time could be due to changes in risk factor status during follow-up, including aCL. Our data suggest this possibility, inasmuch as the percentage with aCL changed little among controls as the duration of follow-up increased, whereas there was a general trend for decreasing aCL levels with time among the MI cases accumulating over time. Except for the initial follow-up period of 5 years, a similar statement can be made for the stroke cases. Although one cannot exclude the possibility that there is no association between aCL and stroke in the initial follow-up period, it seems more plausible that this observation was due to the limited number of events early in follow-up.
In addition, despite the prior belief that all infection-related antiphospholipid antibodies are "nonpathogenic," 30 infection could be a trigger for the development of elevated aCL and subsequent stroke or MI, as has been suggested by some 31 but not other 32 clinical studies. In animal models, pathogenic aCL has been induced by phospholipid-binding peptides. 33 The finding of a prospective association between aCL antibodies of the IgA isotype and MI 13 further supports the potential for infection to induce pathogenic antibodies. A recent prospective study 17 showing an association between aCL antibodies of the IgM isotype and stroke of all types is also consistent with this hypothesis.
It is unlikely that the observed associations between aCL and vascular disease are due to chance or an artifact of study design. Although an indirect association can never be entirely excluded in an observational study, aCL is weakly associated with other conventional vascular risk factors in other studies 4, 14 and with age and cholesterol in the present report. Other considerations in assessing the causal nature of an association include its temporality, strength, consistency, dose-response relationship, biological plausibility, and experimental evidence. 34 Prior prospective studies of MI 13, 14 and the present study of MI and stroke preclude the possibility that the antibodies were a consequence of the vascular event but, as noted above, do not exclude the possibility that the antibodies are a consequence of preclinical disease. 34 Our findings were unchanged when we excluded the 13 stroke cases with angina pectoris at baseline.
The association between aCL and MI is also relatively consistent across different populations and across both casecontrol [1] [2] [3] [4] [5] [6] [7] [8] [9] and prospective findings. It is also possible that technical laboratory differences account for some of the inconsistent findings. 35, 36 With regard to the dose-response relationship, the present study and prior data 37 are more suggestive of a threshold effect, although a dose-response relationship at the higher range of the aCL distribution may still exist.
The association between aCL and thrombosis is biologically plausible and supported by experimental data from animal models. Both passive and active immunization of normal laboratory mice with either aCL or with ␤2GP1 results in the induction of an experimental antiphospholipid antibody syndrome, including thrombocytopenia, placental infarction and fetal loss, MI, and neurological dysfunction. 38, 39 In addition, mice with pinch-clamp injury to vascular endothelium develop a larger clot size with a longer time to dissolution when they are treated with human antiphospholipid antibody compared with control IgG. 40 Taken together, these studies provide important evidence that antiphospholipid antibodies can cause thrombosis and other antibody-mediated clinical manifestations.
In conclusion, the present findings extend prior cohort studies of aCL antibodies and MI by showing an association of similar strength for stroke. Given the prevalence of ␤2GP1-dependent aCL IgG, the prospective and independent association between this antibody and both stroke and MI in men, and the experimental evidence supporting a causal mechanism, aCL antibodies may represent an important new target for interventions to prevent vascular disease. All prospective studies performed thus far have evaluated the risk for stroke and MI associated with antiphospholipid antibodies only in men; a future challenge is to perform similar studies that include women.
